Additional detail on methods

Processing of MODIS NDVI and snow cover data:
The complete dataset of 23 16 day NDVI composites (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) for the study site was downloaded and processed (including cropping and re-projection). The dataset was already filtered and smoothed, but further errors were removed by setting all negative values to zero (Hird and McDermid, 2009 ). Mean annual NDVI was taken as the average of all 23 images. The NDVI data generated included annual averages for the entire period from 2001-2012 and for 2003 and 2012 alone. In case snow cover affected relative average annual NDVI readings between sites, growing season NDVI was also extracted and the same analyses presented here were performed using this dataset. However, as the results were little different from those using annual NDVI, these are not presented here. The NASA Snow Cover product: MOD10CM (Hall et al., 2006) was obtained from http://modis-snow-ice.gsfc.nasa.gov/.
Mapping vegetation type:
Forage maps of the three sovkhoz from 1977 and 1978 were available at a scale of 1:50,000. These maps were produced by the State Institute for Land Management known as Giprozem (Ministry of Agriculture of the Kazakh SSR, 1969) based on extensive fieldwork campaigns. A detailed methodology concerning the combination of these maps with an existing Landsat classification and recent ground truth data, to produce a MODIS-based classification of the study area is to be published elsewhere and is described also in Robinson et al. (2016) . Fig. S1 above. Figure S3 shows that, for a livestock owner based at Ulan bel', although most nearby wells are relatively shallow, many of them are of poor quality. The wells with good quality water tend to be relatively deep. Further away, in former Moiynkum and Baital sovkhoz there are a number of shallow wells, which are of good or average quality. Some of these are occupied by owners based at Sary Ozek and Malye Kamkale; others are occupied by owners from Ulan bel' who have also tended to move greater distances in recent years. This sample of wells, representing those for which respondents had knowledge, thus appears to suggest the existence of a group of shallower wells to the south and east. 
Distance, well depth and water quality
Snow cover gradients
Water sources and relief
There are still some unoccupied areas, such as the large area to the south of Ulan bel' and in northern Talas raion where the large number of unused sites may require further explanation. We can see from Fig. 2 that the areas directly south of Ulan bel have low vegetation density, and Fig. S4 in supplementary materials suggests that snow cover there is higher than in eastern areas at the same latitude, yet such factors are rarely mentioned by users . In some of these areas at least, water sources tend to be bore holes, which may be why they are little used, and livestock owners themselves also mentioned transport difficulties related to sand depth and dune height. Despite the convenient metalled road leading to the south, dunes are perpendicular to the direction of travel into the desert, dunes are higher and the sand deeper, making wells in these areas difficult to access . Both bore hole distribution and relief are visible on the elevation image shown in Fig. S5 , in which the orientation and amplitude of dunes to the south west of former sovkhoz Chu and the far south of Baital are visible. Figure S5 . (n= 11, 25,15,231) . Mean snow cover at sites used in 2002-3 alone and those used between 2011 and 2014 is 39.7% and 37.7% respectively (difference is significant: t=2.86, df=25.238, p<0.005 ).
